Background: Apathy occurs frequently in patients with Parkinson's disease (PD), and has a negative impact on activities of daily living through loss of motivation. Pramipexole (PPX), which shows preferential affinity for D3 dopamine receptor in the mesolimbic system, is thought to influence mood and motivation. Therefore, we conducted an open-label case-control study to examine the effect of PPX on apathy in PD. Methods: We studied 36 PD patients (mean age, 70.4 ± 8.1 years), who had been treated only with L-DOPA. PPX was added to L-DOPA treatment in 24 patients (PPX group) and other 12 patients continued with L-DOPA alone (non-PPX group). The study period was 8 weeks. Apathy was assessed using the revised apathy scale for Japanese. Motor function was assessed with part III of the Unified Parkinson's Disease Rating Scale (UPDRS). Results: Seventeen of 36 patients (47%) were diagnosed as having apathy. In the PPX group, apathy scale significantly improved from 17.3 to 13.8 at week 8 (p < 0.05). Motor function also improved significantly from 16.1 to 7.6 at week 8 (p < 0.0001). In the non-PPX group, apathy scale and UPDRS both showed no change during the study period. There was no correlation between changes in apathy scale and UPDRS in either the PPX or non-PPX group. Conclusion: PPX may be effective for treating apathy as well as motor dysfunction in PD.
Introduction
Parkinson's disease (PD) is caused by progressive degeneration of dopamine-producing cells in the substantia nigra, and has been treated with L-dopa and dopamine receptor agonist. Pramipexole (PPX) has dopamine agonist activity at presynaptic and postsynaptic dopamine receptors belonging to the D 2 -like family and is effective in treating Parkinson's disease, showing high affinity for dopamine D 3 receptor [1] .
Apathy has a negative impact on activities of daily living owing to loss of motivation, concern, interest and emotional response [2] . It has been associated with executive dysfunction, impaired emotional processing and impaired decision-making, and it causes flattened affect and decrease of goal-directed behavior [3] . It can be a substantial burden for caregivers and may occur as a part of the symptoms of depression or dementia [2] . Affective problems are the most frequent non-motor symptoms in Parkinson's disease and apathy occurs in 17% to 70% of patients with PD [4] . However, there is only one report investigating the effectiveness of a D 2 /D 3 receptor agonist, piribedil, on apathy as a primary outcome in PD [5] . Here, we studied the clinical efficacy of PPX on apathy in PD using the self-assessed apathy scale.
Patients and Methods
Thirty-six patients with PD (11 males and 25 females, mean age = 70.4 ± 8.1 (SD) years old) participated in this study. The length of illness was 52 ± 48 (SD) months. They were divided into two groups at random; 24 patients with L-DOPA, 241.6 ± 112.9 (SD) mg/day plus PPX medication (the PPX group) and 12 patients with only L-DOPA medication, 431.8 ± 202.8 (SD) mg/day (non-PPX group). Clinical characteristics are summarized in Table 1 . All subjects gave informed consent in accordance with the protocol of the Shimane University research ethics committees, the open label study and the Declaration of Helsinki. All subjects underwent neurological examination and their total score on the unified Parkinson's disease rating scale (UPDRS) Part III (motor function) was estimated. Apathy was evaluated by means of the modified apathy scale (revised version in Japanese [6] ). Mini-mental state examination (MMSE) was also conducted in all participants to adjust memory function between the two groups.
Participants were restricted to those who took only L-DOPA, because other dopamine receptor agonists, amantadine and selegiline, might influence apathy in PD [7] . In the PPX group, PPX was added to L-DOPA. PPX was started at 0.25 mg/day (0.125 mg two times per day) for the first 2 weeks, 0.5 mg/day (0.25 mg two times per day) for the second 2 weeks, 1 mg/day (0.5 mg two times per day) for the third 2 weeks, and then 1.5 mg/day (0.5 mg three times per a day) as the maximum dose. Clinical assessment was performed twice; intermediate assessment at the end of week 4 and the final assessment at the end of week 8. The non-PPX group continued to take the same dosage of L-DOPA during the study period.
Statistical Analysis
The Wilcoxon signed ranks test was used for comparison of apathy scales and UPDRS before and after administration of PPX. The Spearman correlation coefficient was used to calculate the relationship between changes in Table 1 . Baseline characteristics of the PPX groups, non-PPX groups and all subjects.
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Results
Mean age, gender, length of illness, UPDRS and MMSE were not statistically different between the 2 groups. Daily amount of oral medication of L-DOPA was significantly larger in the non-PPX group than in the PPX group. Before PPX treatment, 14 of 24 (58%) patients in the PPX group were diagnosed as having apathy (apathy scale of more than 16 at the baseline). In the non-PPX group (treated with only L-DOPA), 3 of 12 (25%) patients had apathy. The prevalence of apathy was not statistically significantly different between the 2 groups ( Table 1 ).
In the PPX group, apathy scale improved from 17.3 ± 6.5 (SD) at baseline to 15.0 ± 5.9 (SD) at week 4 (not significant) and to 13.8 ± 4.7 (SD) at week 8 (p < 0.05). In the non-PPX group, apathy scale changed from 12.6 ± 3.9 (SD) at baseline to 14.2 ± 6.9 (SD) at week 4 (not significant) and to 14.2 ± 6.0 (SD) at week 8 (not significant) (Figure 1, left panel) . In the PPX group, UPDRS Part III (motor function) significantly improved from 16.1 ± 9.2 (SD) to 9.6 ± 7.2 (SD) at week 4 (p < 0.0001) and to 7.6 ± 7.1 (SD) at week 8 (p < 0.0001). In the non-PPX group, UPDRS Part III changed from 12.6 ± 10.2 (SD) to 13.6 ± 10.8 (SD) at week 4 (not significant) and to 11.1 ± 9.2 (SD) at week 8 (not significant) (Figure 1, right panel) .
There were no correlations between changes in apathy score and UPDRS score or length of illness in either the PPX or the non-PPX group. All examined background factors (age, gender, length of illness, UPDRS score, MMSE score and daily dose of L-DOPA) had no influence on the change in apathy score in either the PPX or the non-PPX group. In the PPX group, the baseline score of the apathy scale was negatively correlated with the change of the apathy score at week 4 (p < 0.001) and week 8 (p < 0.0001), indicating that PPX had greater ameliorating effects on patients with more severe apathy. *** *** ** * improved UPDRS sum scores of part II and III by 30% and off-times by approximately 2.5 hours per day. It also significantly improved motivation/initiative and depression in the sub-items of UPDRS part I as a secondary outcome [7] . Lemke et al. reported that the frequency of depression, as well as motor deficits, was significantly reduced during treatment with PPX (mean dosage: 1.0 ± 0.6 mg/day) [8] . A meta-analysis of 7 clinical trials found improvement of motivation in 63.2% of PD patients treated with PPX, but the assessments were conducted with the UPDRS part 1 item for motivation in all studies [9] . Thus, the current study is the first to report efficacy of PPX on apathy in PD as a primary outcome based on the apathy scale.
Discussion
Apathy is defined as lack of motivation, manifested as diminished goal-directed behavior and cognition and decreased emotional engagement. It reduces the quality of life in PD patients with increasing functional dependency, as well as increasing the burden on caregivers [2] [4] . Dysfunction of the frontal-subcortical circuits, the mesocorticolimbic dopaminergic pathway, is thought to be a cardinal pathophysiological basis of apathy in PD, because a reduction of dopaminergic afferents to the ventral striatum disturbs normal interactions among the frontal lobe, caudate, anterior cingulate circuits and basal ganglia [3] . Functional change in the basal ganglia is a key factor for behavioral alterations in PD. A recent case study demonstrated that the administration of a dopamine D 2 / 3 receptor agonist was effective for the treatment of apathy after stroke [10] . We also reported a reduction of cerebral blood flow in the dorsolateral frontal lobe and basal ganglia in apathetic stroke patients [6] [11] . Decreased activities in these regions appear to contribute to the emergence of apathy symptoms.
The dopamine D 3 receptor exists most densely in the mesolimbic system and may be involved in control of mood and behavior [12] . Preferential stimulation of the D 3 receptor may explain the anti-depressive properties of dopamine agonists, and PPX (a D 2 /D 3 agonist) exerts anti-depressive effects comparable with those of other anti-depressive drugs [13] . In two randomized placebo-controlled trials, PPX was effective as a mood stabilizer in treatment-resistant bipolar depression. The relationship between D 2 /D 3 receptor and motivation has been confirmed by several studies. Apathy is a frequent complication after subthalamic nucleus stimulation of PD patients as a delayed dopamine withdrawal syndrome, and is often responsive to dopamine D 2 /D 3 agonists [5] . A PET study also demonstrated that the dopamine transporter binding was reduced in the ventral striatum in PD patients with apathy [14] . These findings suggest that apathy in PD is profoundly associated with abnormality in dopamine transmission through D 2 /D 3 receptor. Piribedil, another D 2 /D 3 dopamine agonist, is widely used in France. The effectiveness of piribedil on apathy after subthalamic nucleus stimulation was first demonstrated in a placebo-controlled, randomized, double-blind trial [5] .
Since apathy scale and motor function were improved after administration of PPX without any correlation between the two, the improvement of apathy was not due to improvement in motor function. As regards safety, no severe dopaminergic adverse events, such as hallucination (11.1%), sleep attack (23%), dizziness (10.6%) and nausea (16.1%) in previous report, were observed in our patients [7] . Starting with a low dose of PPX, followed by a careful increase, might have helped to avoid these side effects. A systematic review of the studies on PPX in mood disorders reported that the mean dose of PPX was 1.6 mg, indicating that PPX can exert a therapeutic effect at a relatively low dose. PPX at 0.5 mg (week 4) did not show any effectiveness on apathy, but PPX at 1.5 mg (week 8) reached the therapeutic range for apathy. Thus we consider that the appropriate therapeutic threshold of PPX for apathy is 1.5 mg per a day [15] .
Our result shows that the degree of improvement of apathy scale by PPX is dependent upon the severity of baseline apathy before the therapy. This is consistent with a meta-analysis of clinical studies for depression, which showed that initial severity of depression was related to the magnitude of treatment effects of anti-depressants [16] . Although we could not find any such reports dealing with apathy treatment, our current findings suggest that PPX could be useful for treating severe apathy in PD. In early PD who are not receiving levodopa or other dopamine agonists, PPX-treated subjects showed a significantly less development of dyskinesia (9.9%) compared with levodopa (30.7%) by one randomized controlled trial. PPX could be a candidate for early PD with apathy [17] .
Conclusion
PPX may be effective for treating apathy as well as motor dysfunction in PD at the relative low dose of 1.5 mg per day. It would be worthwhile to conduct a longer-term double-blind clinical trial to further examine the effectiveness of PPX on apathy in PD.
